Three new natural compounds, striguellolide A (1), striguellol A (2) and striguellone A (6), together with three known ones, 3,4-trans-dihydroxy-6-methoxy-2,2-dimethylchroman (3), 3-hydroxy-6-methoxy-2,2-dimethylchroman-4-one (4) and 3-hydroxy-6-methoxy-2,2-dimethylchroman (5), were isolated from the agar cultures of the edible fungal strain Lentinus striguellus. Their structures were elucidated by spectroscopic and mass spectrometric analyses, including 1D-, 2D-NMR and HR-ESI-Q-TOF-MS, and chemical reactions. Striguellone A showed cytotoxicity against HeLa cells by MTT assay and was found to be an activator of apoptosis, assessed by morphological observation and cell cycle analysis using the flow cytometer.
cultivation and polysaccharide components of this species have been conducted [7] . Our recent experimental results indicated that the organic crude extracts from this fungus showed cytotoxity against HeLa cells. Further study has led to the isolation of antitumor compounds, two new prenyl phenols (1-2), together with three known ones (3) (4) (5) , and one new prenyl cyclohexenone (6) , whose apoptosis activity was assessed by morphological observation and cell cycle analysis by the flow cytometer method.
Analysis of the NMR spectroscopic data ( 1 H, 13 C NMR, HSQC, HMBC) for compounds 1-5 revealed that they were structurally similar. The 1 H NMR spectra indicated the presence of three aromatic NPC Natural Product Communications (1, 4, 5) or CD 3 OD (2 -3); δ (ppm), J in Hz. protons ( Table 1 ). The presence of an aromatic moiety was further supported by the 13 C NMR resonances assigned to six aromatic carbons ( Table  2 ). The coupling patterns and constants of the three aromatic protons, d (J = 3.0 Hz), dd (J = 3.0, 9.0 Hz) and d (J = 9.0 Hz), indicated the 1,2,4-trisubstitutions of an aromatic moiety.
Compound 1 was obtained as colorless oil. The molecular formula was determined to be C 12 H 14 O 4 according to the HR ESI-Q-TOF MS and NMR spectroscopic data. Besides the aromatic moiety indicated by the 1 H NMR spectrum, the 13 C NMR spectrum of 1 indicated the presence of a 5-carbon side chain composed of 2 Me, 1 CH 2 , 1 sp 3 C and 1 sp 2 C (carbonyl) ( Table 2 ). The 1 H NMR spectrum (Table 1) indicated the presence of one CH 2 at δ 4.01 (s, 2H) and two methyl groups at δ 1.39 (s, 6H). The protons of the CH 2 showed HMBC correlations with four carbon atoms [C (7) , C(9), C(10) and C(11)], but did not show correlations to C(2), revealing that the 5-carbon side chain in 1 was cleaved into two parts including an ester group and a 1,1-dimethylethylene glycol moiety. The carbonyl carbon (C(7)) was determined to link with C(2) on the basis of the HMBC correlations between the proton at δ 7.25 (H-C(3)) and the carbon at δ 169.2 s (C (7)). The HMBC correlations from H-C(8) to C(7) indicated that C(8) attached to C(7) via oxygen. The NOE correlations between δ 1.39 (H-C(10), H-C(11)) and δ 6.92 (H-C(6)) indicated an ether linkage between C(1) and C(9), which was further supported by an unacetylatable OH group in 1 under the referred acetylation conditions. Moreover, the IR spectrum showed no absorptions for OH groups. Therefore, compound 1 was determined to be 7-methoxy-2,2dimethyl-2,3-dihydrobenzo [e] [1, 4] dioxepin-5-one, named striguellolide ( Figure 1 ).
Compound 2 was obtained as colorless oil. The molecular formula was determined to be C 12 H 16 O 4 according to the HR ESI-Q-TOF MS and NMR data. Inspection of the NMR spectroscopic data ( 1 H, 13 C NMR, HSQC, HMBC) revealed that 2 had a similar aromatic moiety as compound 1. The 13 C NMR spectrum showed that the side chain was composed of 6 carbons, including one methoxyl group, 2 Me, 2 oxy CH and 1 sp 3 C ( Table 2 ). The 1 H-1 H COSY correlations between H-C(7) and H-C(8) established the linkage of C(7) and C (8) . The HMBC correlations from H-C(10) to C(8), C(9) and C(11), and from H-C(11) to C(8), C(9) and C(10) established the fragment of C(7) to C (12) . The HMBC correlations from H-C(7) to C(2), and H-C(3) to C(7) determined the linkage between C(7) and C(2). The methoxyl group was determined to be at C(8) based on HMBC correlations. The acetylated product of 2 showed the quasi molecular ion peak at m/z 309.2 [M + H] + , indicating the presence of two OH groups. The NOE correlations between H-C(11) and H-C(6) indicated that C(9) attached to C(1) via oxygen. The CD spectra indicated that compounds 2 and 3 had the same configuration; both showed similar negative Cotton effects (Δε-2.19 at 229 nm for 2, Δε -7.92  at 227 nm for 3) [8] . Moreover, the constants ( 3 J = 8.0 Hz) of H-C (7) and H-C(8) indicated the trans-form of these protons, which was confirmed by the NOE correlations between H-C (7) and H-C(10), and H-C (8) and H-C (11) . Therefore, compound 2 was determined to be (3R,4S)-3-methoxy-6-hydroxy-2,2-dimethyl-4-chromanol, named striguellol A (Figure 1 ).
Compared with literature NMR spectroscopic and MS data, compounds 3, 4 and 5 were determined to be 3,4-trans-dihydroxy-6-methoxy-2,2-dimethylchroman [4, 8, 9] , 3-hydroxy-6-methoxy-2,2-dimethylchroman-4-one [4] and 3-hydroxy-6-methoxy-2,2dimethyl-chroman [4, 8] , respectively ( Figure 1 ). Compound 6, named striguellone A, was obtained as colorless oil. The molecular formula was determined to be C 11 H 16 O 5 according to the HR ESI-Q-TOF MS and NMR data. The IR absorptions indicated the presence of OH groups (3353 cm -1 ), carbonyl (1667 cm -1 ) and unsaturated carbon/carbon double bonds (1633, 1596 cm -1 ). The 1 H NMR spectrum (Table 3) of 6 showed the presence of two methyl groups that have the same chemical shifts, and six methines. The 13 C NMR spectrum (Table 3 ) revealed the presence of 11 signals attributed to 5 sp 2 -and 6 sp 3 -hybridized carbon atoms on the basis of DEPT experiments. The 5 sp 2 -signals were assigned to the 4 carbons of two carbon/carbon double bonds and one carbonyl carbon, while the 6 sp 3 -signals were assigned to two methyl, three oxymethines and one oxygenated quaternary carbon atoms. The presence of four hydroxyl groups was confirmed by the formation of the tetraacetate of 6 under the acetylation conditions used (Ac 2 O/pyridine at room temperature). The HMBC spectrum of 6 ( Table 3 ) showed 1 H-13 C longrange correlations from H-C(4'/5') to C(5'/4'), C(3') and C(2'), from H-C(1') to C(3'), C(3), C(4) and C(2), from H-C(4) to C(2), C(3), C(5) and C(6), from H-C(6) to C(5) and C(1), and from H-C(2) to C(1'), C(4) and C (5) . Cross peaks between H-C(1') and H-C(2'), H-C(4) and H-C(5), and H-C(5) and H-C (6) were observed in the 1 H-1 H COSY spectrum ( Figure  2) . The above data allowed the establishment of the planar structure of striguellone A (6) . The relative stereochemistry of 6 was determined by NOESY experiment. The existence of NOE ( Figure 2 ) between H-4 and H-6 indicated the same orientation of these protons. Furthermore, the coupling constants (J =15.9 Hz) between H-C(1') and H-C(2') indicated the existence of a trans-unsaturated bond [C(1') and C(2')]. Therefore, striguellone A was determined to enyl) cyclohex-2-enone, a novel prenyl be 4,5,6-trihydroxy-3-((E)-3-hydroxy-3methylbut-1-cyclohexenone, presumably biosynthesized from IPP (isopentenyl diphosphate) and shikimic acid [10] . HeLa cells (Figure 3 ). The induction of apoptosis by striguellone A in HeLa cells was assessed by morphological observation and cell cycle analyzed by flow cytometry. After treatment of HeLa cells with 35 μM striguellone A for 28 h, the morphological features of apoptosis, such as condensation of chromatin and fragmentation of the nucleus into discrete masses scattered throughout the cytosol, were observed (Figure 4) . DNA content and cell cycle phase distribution was analyzed by flow cytometry with PI staining. The percentages of cells at G0/G1, S, and G2/M phases were calculated, respectively. As compared with vehicle control (DMSO), a sub-G1 DNA peak was detected ( Figure  5 ). The sub-G1 population indicated apoptosisassociated chromatin degradation [11] . These results showed that striguellone A had cytotoxic effects on HeLa cells and its antitumor action may be through apoptosis induction. In recent years, some natural products with the ability to induce apoptosis have been isolated from edible and medicinal fungi, such as trichothecene from Isaria japonica [12] , grifolin from Albatrellus confluens [13] , ergosterol peroxide from Sarcodon aspratus [14] , orsellinaldehyde from Grifola frondosa [15] , and clitocine from Leucopaxillus giganteus [16] . In this paper, we found that striguellone A from L. striguellus has apoptosisinducing activity on HeLa cells, which may be significant for promoting the discovery of antitumor prodrugs from edible or medicinal mushrooms. 1(61 mg) . Fr. 2.1 was subjected to silica gel chromatography using a light petroleum (PE)-EtOAC solvent gradient to yield 4 (4 mg), 1 (3.0 mg) and 5 (12.7 mg). Fr.3 was further subjected to Sephadex LH-20 column separation, eluting with MeOH, to afford Fr. 3.1 (88 mg) and Fr. 3.2 (168 mg). Fr. 3.1 yielded Fr. 3.11 (6.7 mg) by MPLC (30 g RP-18). Fr. 3.11 was further subjected to Sephadex LH-20 column separation (60 g), eluting with MeOH, to afford 2 (2 mg). Fr. 3.2 (168 mg) was further fractionated by column chromatography over silica gel, eluting with a gradient of CHCl 3 -MeOH, to yield striguellone A (6, 4.0 mg).
